crystallized after treatment with Et 2 O/petroleum ether and Et 2 O, respectively. The pure peptide amides were isolated in 85-100% yield. The selective hydrolysis of 8a and 10 occurred smoothly at room temperature to give the peptide acids 9 and 11 in 85 and 98% yield, respectively. In the case of the rather insoluble 12, the hydrolysis was carried out at 60° and gave 13 in 98% yield. Ph (21) . The protected heptapeptide amide 21 was synthesized via a combination of the azirine coupling/hydrolysis described above and the segment condensation via a 1,3-oxazol-5(4H)-one (Scheme 3), i.e. with the 'azirine/oxazolone method'. The first segment Z-(Aib) 3 -OH (9) was prepared analogously to Scheme 2, but by using 2,2,N,N,tetramethyl-2H-azirin-3-amine (1b) as the Aib synthon. The azirine coupling gave 6b and 8b in 87 and 92% yield, respectively, and the selective hydrolysis to 7 and 9 was almost quantitative. The second segment, Z-L-Pro-(Aib) 3 -N(Me)Ph (19) was obtained in a total yield of 51% by repeated coupling of Z-L-Pro-OH with 1a, followed by the selective hydrolysis. The reason for the choice of 1a was the faster hydrolysis of the N-methyl-N-phenylamides in 6N HCl/THF in comparison with that of the corresponding N,N-dimethylamides. Therefore, the racemization of Pro as well as the acidcatalyzed cleavage of Pro-Aib [5b] [17] was minimized. The hydrolysis of 15 and 17 were complete already after 3 and 3.5 h, respectively, and afforded the products in 80 and 94% yield.
Synthesis of the Heptapeptide Z-(Aib)

Scheme 3
Finally, the Z-protecting group of the tetrapeptide 19 was removed by hydrogenolysis with Pd/C yielding 20, and the segments 9 and 20 were condensed by using the coupling reagent DCC/ZnCl 2 [5a] to give 21 in 75% yield.
Crystal Structures of the Poly-Aib-Oligopeptide Amides. Nowadays it is well
known that the preferred conformation of peptides containing Aib (and some other α,α-dialkylated glycines) is the 3 10 -helix, which is a sequence of β-turns of type III or III', in which the ideal values for all torsion angles φ (CO-N-C α -CO) and ψ (N-C α -CO-N) are ± 60° and ± 30°, respectively. The negative values stand for the right-handed helix (β-turns of type III) and the positive ones for the left-handed helix (β-turns of type III'). An additional characteristic feature consists of the intramolecular H-bonds between CO of amino acid i and NH of amino acid i+4, which form 10-membered rings, and thereby stabilize the helical structure.
A rather large series of poly-Aib-oligopeptide derivatives have been prepared and their structures analyzed (see e.g. [16] [18]). In most cases, peptide esters were investigated. The crystal structures of the present set of Z-(Aib) n -N(Me)Ph (n = 3 -6) 3 ), i.e. poly-Aib amides, are in good agreement with the 3 10 -helical structures of analogous derivatives: the average magnitudes of φ i and ψ i are 55.3° and 31.5°, i.e. they correspond well with the typical values of ± 60° and ± 30° (see, e.g. [16b] [18b,e,f]). 2 -N(Me)Ph (6a). The molecular structure of 6a in the crystal is shown in Fig. 1 .
Z-(Aib)
The torsion angles ω of the amide groups are in the allowed region for trans-amide bonds ( Table 1) . The values of the torsion angle-pair φ/ψ for Aib (2) are + 55.2(3)° and + 41.9(3)°,
i.e., compatible with a left-handed 3 10 -helix, but the corresponding ψ-value for Aib(1) is far from the allowed values. Note that since the space group is centrosymmetric, the crystal also contains the equal number of molecules existing in a right-handed helix.
3 ) The dipeptide derivative Z-(Aib) 2 -N(Me)Ph (6a) is not able to form a β-turn and, therefore, is not included in this comparison. thereby links the molecules into centrosymmetric dimers, in which the interactions can be described by a graph set motif of R 2 , 2 (10) . The combination of these interactions links the molecules into two-dimensional networks which lie parallel to the (1 0 -1) plane. 3 -N(Me)Ph (8a). There are two molecules with almost identical conformations but with opposite helicity in the asymmetric unit. As the space group is centrosymmetric, both of the independent molecules exist in the crystal in their left-and right-handed forms. A view of molecule A is shown in Fig. 1 . Both molecules form a β-turn, stabilized by an intramolecular H-bond between N(2)-H of Aib (2) and C=O(4) of the Z-protecting group ( ψ 3B of the C-terminal Aib differ significantly from the ideal value of ± 30°, a fact that has also been described earlier [21a] .
Each N-H group of each independent molecule acts as a donor for H-bonds. In molecule A, N(2)-H forms an intramolecular H-bond with the urethane O(4)-atom that is seven atoms along the peptide backbone. This interaction has a graph set motif [20] of S (10) and serves to maintain a fairly rigid helical conformation of the peptide. N ( Fig. 2 . The right-handed 3 10 -helical conformation of the reference molecule is stabilized by two intramolecular 4 → 1 H-bonds, which form β-turns of type III' (N(2)-
As in the previous case, N(3)-H forms a H-bond with the C=O (5) group of the urethane. All torsion angles ω are in the region of trans amide bonds, and the magnitudes of the torsion angles φ 1-4 and ψ 1-3 are those of a 3 10 -helical conformation (Table   1 ; average values -55.3° and -29.0°, resp.). Again, the value of ψ 4 deviates significantly from ± 30°. It is worth mentioning that φ 4 and ψ 4 are positive whereas φ 1-3 and ψ 1-3 are all negative, i.e. the helicity of the last Aib is inverted. peptide molecule in the chain. These interactions can be described by a binary graph set motif of C 2 , 2 (13) . (12) . The molecular structure is shown in Fig. 2 . The reference molecule in the asymmetric unit of the centrosymmetric structure forms a left-handed 3 10 -helix, stabilized by three intramolecular H-bonds of type 4 → 1, i.e. three β-turns of type III: O(5) , and N(4)-H …. O(6) , the last one including the C=O of the urethane ( Table 2 ). The torsion angles ω are typical for trans amide bonds, and the magnitudes of the torsion angles φ 1-4 and ψ 1-4 are characteristic for a 3 10 -helical conformation ( seven atoms along the peptide backbone. Each of these interactions has a graph set motif [20] of S (10) . These H-bonds stabilize the peptide in a fairly rigid helical conformation. N (5) the molecules into extended chains which run parallel to the [100] direction and which can be described by a graph set motif of C (14) . The double-bridge between adjacent molecules resulting from both the interactions forms a ring with a graph set motif of R 2 , 2 (12) .
Z-(Aib) 6 -N(Me)Ph (14) . The molecular structure is shown in Fig. 3 O(6) , and N(5)-H….O(7), Table 2 ), stabilize a righthanded 3 10 -helix. The compound crystallizes in a chiral space group, so all molecules exclusively posses a right-handed helix. As in the cases of 8a, 10, and 12, the acceptor of the last H-bond is the C=O group of the urethane. All torsion angles ω are compatible with trans amide bonds, and the values of the torsion angles φ 1-5 and ψ 1-5 are characteristic for a 3 10 -helical conformation (Table 1 ; average values -54.6° and -35.1°, resp.). Again, the values of the last pair φ 6 and ψ 6 differ and have the opposite sign (+49.3(4)° and +52.7(4)°). 
Conclusions. -With the presented syntheses of poly-AIB-oligopeptides and an
Aib-containing heptapeptide, the usefulness of 2,2-dimethyl-2H-azirin-3-amines as Aib synthons in peptide synthesis was proved. Repeated azirine coupling with Z-protected α-aminoisobutyric acid (Aib) allowed the smooth and efficient preparation of the Aib-oligomers (Z-(Aib) [2] [3] [4] [5] [6] -N(Me)Ph) with a C-terminal amide function. The X-ray crystal-structure analyses of these oligomers confirmed the high preference of β-turns and the 3 10 -helical conformation.
It is worth mentioning that the dimer Z-Aib-Aib-N(Me)Ph is not able to form a β-turn with the corresponding 4 → 1 H-bond because it is to short, but the values of the torsion angles of
Aib (2) 
Experimental Part
1.
General. Solvents were purified by standard procedures; THF was distilled from Na/benzophenone, Et 2 O from Na, and CH 2 Cl 2 from CaCl 2 ; DMF, puriss. was dried over molecular sieves. All commercially available chemicals were of analytical grade and were used without purification. The 2H-azirin-3-amines 1a and 1b were prepared according to the references cited in [4] . Abbreviations: AcOEt = ethyl acetate, Aib = 2-aminoisobutyric acid, Bn = benzyl,
General Procedure 1 (GP 1, azirine coupling). To a 0.5M soln. of the peptide acid in Et 2 O, THF, or DMF at 0° was added azirine 1a or 1b (1.1 equiv.) dropwise, and the mixture was stirred at 0° for 10 min and at r.t. for several h. The precipitated product was filtered and washed with Et 2 O and petroleum ether. The solvent of the mother liquor was evaporated and the oily residue crystallized by treatment with petroleum ether at 0°. The combined crystals were dried in h.v.
General Procedure 2 (GP 2, selective hydrolysis).
A 0.1M soln. of the peptide amide in THF/6N HCl (1:1) was stirred at r.t. or at 60° and the progress of the reaction followed by TLC. When the reaction was complete, the same volume of 2N HCl was added, the product was extracted with Et 2 O, and the combined org. phase was dried (Na 2 SO 4 ). After evaporation of the solvent, the product was dried in h.v.
According to GP 2, 6a (3.74 g, 9.1 mmol) was hydrolysed. 3430m, 3300m, 3040w, 2990w, 2950w, 1725s, 1705s, 1655s, 1535s, 1510m, 1470w, 1460w, 1445w, 1420w, 1380w, 1360w, 1300w, 1255m, 1230m, 1210w, 1185w, 1170w, 1080m, 970w, 855w, 785w, 750w 
in THF (14 ml) was added 1a (1.14 g, 6.5 mmol). After warming to r.t., a precipitate formed.
The mixture was stirred at r.t. for 4 h and kept at 4° overnight. Yield of 8a: 2.95 g (95%).
Colorless solid. M.p. 177 -178°. IR (KBr): 3340m, 3290m, 3040w, 2990w, 2940w, 1710m, 1690m, 1660s, 1635s, 1595w, 1540m, 1515m, 1495m, 1465m, 1270m, 1225w, 1205w, 1170w, 1100m, 1090m, 915w, 740w H 7.37, N 11.37; found: C 58.56, H 7.10, N 11.56. 2.8 . , 3300s, 3250m, 3040w, 2990w, 2940w, 1695m, 1675s, 1650s, 1595w, 1555s, 1530s, 1495m, 1465m, 1455m, 1395m, 1385m, 1365m, 1270m, 1225w, 1215w, 1170w, 1090m, 1080m, 770w, 755w Suitable crystals for the X-ray crystal-structure determination were grown from DMSO by slow evaporation of the solvent. Suitable crystals for the X-ray crystal-structure determination were grown from DMSO/H 2 O by slow evaporation of the solvent. , 3280m, 3040w. 3000w, 2970w, 2880w, 1710s, 1675s, 1625s, 1590m, 1535m, 1495m, 1470w, 1455w, 1420s, 1390m, 1375w, 1355m, 1250m, 1215w, 1170w, 1120m, 1090m, 1070w, 1030w, 1020w, 995w, 960w, 915w, 870w, 775w, 710m , 3310m, 2990w, 2940w, 2870w, 1695s, 1685s, 1625s, 1595w, 1530w, 1495w, 1440w, 1425m, 1395w, 1365w, 1335m, 1280w, 1240w, 1225w, 1205w, 1110w, 1090w, 1000w, 995w, 980w, 770w, 730w 12, H 7.13, N 11.02; found: C 65.89, H 7.22, N 11.19. 3.7 3030w, 2990w, 2980w, 2940w, 2880w, 1730m, 1685s, 1650s, 1530m, 1500w, 1470m, 1440m, 1395w, 1385w, 1360m, 1315w, 1280w, 1260w, 1240w, 1170m, 1130w, 1090w, 1040w, 990w, 975w, 770w, 750w [α] D 22 = -46.0 (EtOH, c = 1.062). IR (KBr): 3400w, 3300w, 3070w, 3040w, 2990w, 2950w, 2880w, 1670s (br), 1640s (br), 1595w, 1535s, 1495s, 1470w, 1455s, 1425s, 1395s, 1365s, 1340w, 1290w, 1275w, 1245w, 1215w, 1170w, 1125m, 1100m, 1025w, 985w, 935w, 775w, 740w, 715m, 700w . 27.5, 26.8, 26.7, 26.3, 24.9, 24.4 (6q, 3 H 7.30, N 11.80; found: C 64.53, H 7.20, N 12. 01.
N-Benzyloxycarbonyl-2-methylalanyl-2-methylalanyl-2-methylalanlyl-2-
methylalanyl-2-methyalanine (Z-(Aib) 5 -OH, 13). According to
Synthesis of Z-(Aib) 3 -L-Pro-(Aib) 3 -N(Me)Ph (21). 3.1. N-Benzyloxycarbonyl-2-
methylalanyl-2-methyalanine-N,N-dimethylamide (Z-(
3.9. (br), 2980w, 2930w, 1660s (br), 1595w, 1530m (br), 1495m, 1460w, 1390w, 1365w, 1280w, 125 mg (75%). Colorless solid. 1 H-NMR (400 MHz, CDCl 3 ): 7.77, 7.45, 7.40, 7.23, 6.35, 5.82 (6s, 6 NH); 10 arom 9, 174.8, 174.5, 174.1, 173.6, 173.2, 173.1 (7s, 7 C=O(amide)); 156.2 (s, C=O(urethane)); 146. 2, 136.7 (2s, 2 arom. C); 128.9, 128.6, 128.1, 127.2, 127.1, 126.3 (6d, 10 arom 27.8, 27.1, 26.7, 26.1, 25.8, 25.7, 25.5, 24.2, 23.9, 23.4, 23.2 (11q, 6 1 -3) 5 ). All measurements were performed on a Nicolet R3 diffractometer using graphitemonochromated MoK α radiation (λ 0.71073 Å). The data collection and refinement parameters are given in Table 3 , and views of the molecules are shown in Figs. 1 -3 . The intensities were corrected for Lorentz and polarization effects, but not for absorption. The structures were solved by direct methods using SHELXS86 [23] , which revealed the positions of all non-H-atoms. In the case of 8a, there are two symmetry-independent molecules in the asymmetric unit. The atomic coordinates of the two molecules were tested carefully for a relationship from a higher symmetry space group using the program PLATON [24] , but none could be found. In the case of 10, the asymmetric unit contains one molecule of the peptide plus one molecule of H 2 O. In the case of 14, one significant electron density peak (ca. 0.5 e/Å 3 ) remained after all other atoms were accounted for. This peak was assigned as a partially All remaining H-atoms were fixed in geometrically calculated positions and refined by using a rigid model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent C-atom (1.5U eq for Me groups 25a] , and the scattering factors for H-atoms were taken from [26] .
Anomalous dispersion effects were included in F c [27] ; the values for f ' and f " were those of
. The values of the mass attenuation coefficients are those of [25c]. All calculations were performed using the SHELXL97 [28] program. [20] of the molecular structures of a) 6a and b) one of the two symmetry-independent molecules of 8a (50% probability ellipsoids, arbitrary numbering of the atoms) Fig. 2 . ORTEP Plots [20] of the molecular structures of a) 10 and b) 12 (50% probability ellipsoids, arbitrary numbering of the atoms) Fig. 3 . ORTEP Plot [20] of the molecular structure of 14 (50% probability ellipsoids, arbitrary numbering of the atoms) (4) Aib (2) φ 2 
